accommodation. Mr. Donald, who is working in the laboratories of the London Hospital Medical College, has invented a most ingenious instrument for measuring drops and for dropping drops. He has brought a tube here that he has made, which will show a 10 c.mm. drop. He passes a glass capillary tube through a hole in a wire gauge of given size, and cuts it off close to the gauge-plate, and drops from that tube. He thus obtains a perfectly clean tube, fresh drawn in the flame, with a terminal diameter of given size. The size of drop depends on the external diameter of the tube. He will demonstrate a 10 c.mm. drop. There is no difficulty in supposing room sufficient for such a volume of liquid in the spaces of the cribriform ligament which lie all round the circumference of the lens. While the circular and inner radiating fibres of the ciliary muscle open up these spaces, the outer meridional fibres may act antagonistically and close the spaces. If these fibres relax on accommodation they will be bowed in by the circular fibres, and will straighten again on contraction and restore the resting condition.
Mr. R. DONALD said the size of the drop of liquid was conditioned by the periphery of the tube at the level where the drop clung round the tube. The drop came out of the point of the tube, and rose up its outer walls, so that the drop appeared transfixed at the end of the tiny dropping tube. The drop attained the precise size only under particular conditions; uniform dropping at a certain slow rate. The present tube was calibrated for one drop per second. A mercury plunger flowed regularly to and fro in the tube. He set the mercury back, placed the nozzle in the water, depressed the tube, and the mercury flowed down. Each drop here was 10 c.inm.
Professor E. H. STARLING, F.IR.S.: Although I am in full agreement with most of the facts brought forward by Dr. Leonard Hill, I do not agree with him so closely as to the interpretation to be placed on these experimental results. From the practical point of view it is of more importance to know what the factors are which determnine the formation and absorption of the intra-ocular fluid than to arrive at an agreement as to the theory of its production-whether, for instance, it is due to some mystical process of secretion, some intracellular changes which at present we cannot understand, or whether the mechanical processes of filtration are sufficient to account for its production. After all, the important practical question concerns the relation of the production and absorption of the intra-ocular fluid to the circulatory conditions which obtain in the eyeball.
Some years ago I took advantage of Mr. Erskine Henderson's assistance to investigate the factors which determine the production and absorption of this fluid. The seat of its production we need hardly discuss, since it is generally agreed that the chief seat of production is the ciliary processes and the chief seat of absorption the anterior angle of the eyeball and the root of the iris. Covering the ciliary processes there is a well-marked epithelium with columnar or cubical cells. These cells are as well formed as those of the salivary glands, or of the kidney tubules, and might therefore easily be assumed to be endowed with secretory powers. Thus a priori there is no reason to question the possibility of the intra-ocular fluid being regarded as a secretion.
On the other hand, this epithelium is derived from the optic cup and is, therefore, a nervous epithelium which is no longer functional. We might consider that it had changed its function and had become a secretory tissue, or that its cells serve simply to suipport the capillaries and modify the filtering membrane through which the transudation of fluid into the eyeball occurs. In investigating the nature of any process we must start with a hypothesis and proceed from the explicable to the unexplained-fromn what we can understand to what we want to understand. We must, therefore, in the first place consider what conditions must be observed if the intra-ocular fluid is to be regarded as produced by a process of filtration from the blood circulating in the ciliary processes. In this case the energy necessary for its formation would be derived from the blood-pressure and ultimately from the heart, and not from secretory work effected by the cells covering the ciliary processes. The intra-ocular fluid in the eye is at considerable pressure; there must, therefore, be a resistance to its outflow from the eyeball, a resistance which can only be overcome by a certain pressure. But if the fluid in the eyeball is formed from the blood in consequence of the pressure of the blood in the capillaries, the pressure of the intra-ocular fluid must rise and fall with the intracapillary pressure. Professor Hill has already told you that the intra-ocular pressure varies with the blood-pressure, and this fact was well brought out in the work that I carried out with Mr. Henderson. In every case where we raised the blood-pressure in the vessels of the eyeball the intra-ocular pressure went up-proportionally and remained high so long as the blood-pressure remained high. It is not merely a question of dilating the vessels by a rise of pressure and thereby increasing temporarily the intra-ocular pressure. So long as the blood-pressure is high the intra-ocular pressure remains high. On the other hand, on cutting off the bloodsupply to the eyeball the intra-ocular pressure rapidly falls and the eyeball becomes flaccid.
With regard to the normal height of the intra-ocular pressure, I find it difficult to understand how Professor Hill obtained the very high figures he has given us, namely, 16 mm. Hg. to 62 mm. Hg. I have certainly obtained intra-ocular pressures approaching 50 mm. Hg., but this was with exceedingly high pressure in the blood-vessels of the eye. Ordinarily, however, the blood-pressure is much lower, and we concluded that in a normal unanaesthetized animal the average pressure would be not more than 25 mm. Hg. ; and a similar figure is given by about a dozen authorities cited by Leber. I think most ophthalmologists would regard a pressure above this point as abnormally high. Not only does the intra-ocular pressure rise and fall with the general bloodpressure, but it can be shown to depend on the local blood-pressure. Thus, if the sympathetic nerve of the neck be stimulated a double effect is produced-first a contraction of the unstriped muscles of the orbit with a rise of pressure, and then, as the vessels of the ciliary processes contract so as to diminish the pressure in the capillaries there is a fall of intra-ocular pressure.
Professor Hill has stated that the pressure in the capillaries and veins of the eyeball must be equal to the intra-ocular pressure. I find it difficult to understand his reasoning. The condition in the eyeball may be roughly imitated on a model such as is shown in the diagram, where ACV is the thinnest possible rubber tube passing through the axis of a rigid glass tube xy. xy contains fluid, and fluid is allowed to pass under pressure from A to V. If the pressure in xy is greater than the pressure within the rubber tube, this collapses. If fluid is to pass through ACV it must have pressure all the way along which is somewhat greater than the pressure in xy. Now ACV represents arterioles, capillaries and veins, and it is evident that the blood-pressure in these vessels must be somewhat higher than the intra-ocular pressure as represented by the pressure in xy. The quicker the rate of flow through the vessels the greater must be the difference of pressure between A and C and between C and V, and the greater the difference also between the pressure in the elastic tube and the pressure in the space surrounding it. This difference may be of any extent until it is sufficient to burst the rubber tube.
From these considerations you will see that it is impossible to have the conditions assumed by Hill-namely, an equality of capillary and venous pressures. So long as the blood flows from C to V so long must the pressure at C be greafer than the pressure at V.
There is another factor which will tend to exaggerate the difference of pressure between capillaries and veins. Since the kinetic energy of the blood in the veins is greater than that of the slowly moving blood in the wider area of the capillaries, the component of the energy moving the fluid represented by the lateral pressure of the walls must be relatively greater in the capillaries than in the veins. Thus a large flow of blood from capillaries to veins involves a considerable difference of pressure between these two points. Professor Hill has stated ml|m3 m L x y that the capillaries in the ciliary processes are very delicate and would not, therefore, stand any appreciable pressure. This, however, is a pure assumption, and does not take into account the small crosssection of these vessels. Naturally, if the capillary wall surrounded a balloon a foot in diameter, it would burst at the slightest excess of pressure in its interior, but a capillary wall 3 or 4 ,u in thickness, surrounding a tube with a lumen 7 ,t in diameter, might be expected to stand a considerable pressure before it ruptured. Certainly a bicycle tyre in which the thickness of the wall had the same relation to the lumen of tlAe tube would be strong enough for all practical purposes.
There are no experimental facts which exclude the possibility of a considerable difference of pressure existing between the capillaries and the fluids outside them. Such a difference may be shown to exist in the connective tissue of the limbs. Many years ago, after reading JA-14 a book by Landerer on the tension of the tissue spaces, I spent several months measuring this pressure. In all cases I found that the pressure was extremely small-namely, 2 to 5 cm. of water, whereas the pressure in the capillaries might be 20 or 30 mm. Hg.
We are not justified, therefore, in denying the possibility of a difference of pressure between the blood in the capillaries and the intra-ocular fluid, and we must assume that, if the circulation is to continue, a considerable difference of pressure exists between the blood in the capillaries and the blood in the veins. The venous pressure itself must be higher than the intra-ocular pressure. If, in the model, the pressure in xy is raised to the pressure at V, the tube at V will collapse. As soon as the circulation through ACV is thus brought to a standstill the pressure at V will rise to the pressure at A and the circulation will go on again; that is to say, the circulation through ACV will not be brought to a standstill until the pressure in xy is just higher than the pressure at A; which, being interpreted, means that in order to stop the blood-flow through the eyeball naturally, the intra-ocular pressure must rise to the pressure of the blood in the arteries entering the eyeball. That does not, however, tell you what is the pressure in the capillaries of the eyeball under normal conditions; it only gives the upper limit of this pressure and does not mean that the intraocular pressure under normal circumstances is equal to the capillary pressure.
Assuming that the intracapillary pressure is the main factor in determining the production of intra-ocular fluid, it is important to know what is the rate at which fluid is turned out. So long as the intraocular pressure remains constant the rate of absorption must be equal to the rate of production. In order, therefore, to measure the rate of transudation, we must measure the rate of absorption at the same pressure. This can be determined by putting a hollow needle into the eye, filled with fluid at such a pressure that the intra-ocular pressure is just balanced, so that fluid neither enters nor leaves the eye. The heart is then cut out so that the pressure in the vessels sinks to zero.
No more fluid is now being poured out by the ciliary processes, but the intra-ocular pressure is maintained at the same height as before by its connexion through the hollow needle with a reservoir of Ringer's fluid. The Ringer's fluid therefore flows into the eye, and the rate at which it flows gives the rate at which the intra-ocular fluid was being absorbed just before the death of the animal. In a series of observations made by this method, Henderson and I found that, at the normal intra-ocular pressure, the rate of absorption was about 12 c.mm. per minute, and this is, therefore, the normal rate of production of intra-ocular fluid by the ciliary processes.
The proofs I have given you that the intracapillary pressure of the ciliary vessels is the most important factor in the production of intraocular fluid, and that the intra-ocular tension depends on the balance between the production as regulated by the blood-pressure and the absorption as regulated by the resistance at the anterior angle of the eye, do not necessarily imply that the intra-ocular fluid is merely a filtration. It might be that the cells were being stiinulated by the blood-pressure, so that the secretion increased or dimiiinished as the blood-pressure rose or fell. Before we can assume that the process is one of filtration we must account for the fact that the fluid, though containing practically all the salts of the plasma, is alnmost entirely free from protein. The slightly increased molecular concentration of the intra-ocular fluid as compared with blood plasma might be ascribed to metabolites produced by the cells. But if we assumie that the capillary wall plus ciliary epithelium is a filtering membrane which is impermeable to colloids such as the blood proteins, there would have to be a minimum difference of pressure of about 30 mm. Hg. between the blood in the capillaries and the intra-ocular fluid for any filtration to take place at all; otherwise the blood-vessels would absorb the intraocular fluid. Thus the filtration theory demands not only some difference of pressure in favour of the capillaries, but that the pressure in the capillaries shall be not less than 30 mm. Hg. above that of the fluid in the eyeball. Unfortunately, we have no method at present of measuring the intracapillary pressure in the eyeball directly. It is true that there is always a considerable difference of pressure between the blood in the large arteries and the intra-ocular fluid, and the difference may be from 70 to 90 mm. Hg., but it is impossible to say how much of this pressure in the arteries is transmitted to the capillaries of the ciliary processes. It is impossible, therefore, at the present time to furnish the crucial proof of the filtration hypothesis. But the strict parallelism which exists between the blood-pressure and the intra-ocular pressure, and the fact that, with a rise of blood-pressure, the intraocular pressure increases, as well as the amount of fluid escaping through the anterior angle of the eye, show us the intra-ocular fluid merely as a result of balanced mechanical processes; and at the present time there is no evidence of any other processes, and we are not justified in assuimiing that the epithelium covering the ciliary processes acts 49s otherwise than passively in strengthening and modifying the qualities of the filtration membrane.
We have finally studied the conditions which alter the rate at which fluid escapes from the eyeball. Why does one not always find a permanent rise of intra-ocular pressure with a rise of arterial pressure ? The association is certainly seen, but it is by no means constant. The explanation is probably found in some experiments by Henderson and myself. If we try the effect of raising the intra-ocular pressure artificially, we find that a little time after raising the pressure to 50 or 60 mm. Hg., filtration becomes more easy, as if additional channels had been opened up or pre-existing channels enlarged. A similar change might occur in the normal eye, and in this way the intra-ocular pressure might be kept at a normal height, although the arterial pressure was permanently raised. We have also tried in the same way the effect of atropine and eserine on the rate of escape of intra-ocular fluid from the eyeball. At normal pressures no difference was found between the eserinized eye and the atropinized eye. CAT 
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At 20 llim. Hg. the rate of filtration was 0 in both eyes. At 35 mm. Hg. intra-ocular pressure the filtration from the eserine eye was 11 c.c., and fromi the atropinized eye 8 c.c., and this difference augmented as the pressure was raised to 65 mm. Hg. I believe our experiments would be in accordance with clinical observations as to the influence of these drugs on normal and glaucomatous eyes.
I might finally say a few words on one or two other points which have been raised by Professor Hill. He drew attention to the haimorrhage into the eyeball, which occurred in the cut after letting off all the intra-ocular fluid, and then raising the blood-pressure by pressure on the abdomen. On the filtration hypothesis the normal difference of pressure between the blood in the ciliary capillaries and the intra-ocular fluid is about 35 to 40 mm. Hg. I do not think there is any difficulty in understanding why a sudden rise of this pressure to something between 100 and 160 mm. Hg., as would occur under the conditions of Hill's experiments, should cause actual rupture of the capillaries and haemorrhage into the eyeball.
With regard to the question of absorption from the eyeball, he pointed out that the spaces of Fontana in the canal of Schlemm were separated from the anterior chamber by epithelium. The same condition obtains everywhere in the lymphatic system. The lacteals in the villi have a continuous endothelial coat, and the endothelium of the diaphragm is continuous over the stomata, and yet particles of Indian ink or milk globules pass easily by these stomata into the underlying lymphatics. The apparently continuous endothelium does not stop the passage of fluid or even of fine particles. Filtration through it may occur without any rupture of the membrane.
With regard to the mechanism of accommodation I am unable to contribute anything founded on my own experience. The change in shape of the lens I have always assumed must be accompanied by a shifting of fluid, but this may occur easily between anterior and posterior chambers, or even between the posterior chamber and the vitreous cavity through the fibres of the suspensory ligament. The subject is not one, however, to which I have given any attention.
Mr. PRIESTLEY SMITH said the subject was a large one; he would not enter on the question of the accommodation of the eye, though he would have liked to criticize what had been said, but would confine himself to one or two points connected with the physiology of the intraocular pressure. The pressure in the healthy eye varied in differejit persons, and in the samne person at different times. There was no absolute normal. What was normal for one eye might be abnormal for another. The average was about 25 mm. Hg. Healthy eyes doomed to excision by reason of orbital tumour had been tested by the manomiieter with this result. A pressure of 60 mm. Hg., which Dr. Hill had found under certain circumstances in the eyes of animals, was much above the normal for animal and man. In the human eye it was equivalent to a severe glaucoma.
Dr. Hill maintained that the intra-ocular pressure was equal to the blood-pressure in the veins and capillaries within the eye. The speaker thought that it was equal to the venous pressure at certain points only-
